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“MetaPath …. has been identified as the harmonized 
platform that can be used in an OPP-EFSA (European 
Food Safety Agency) project to workshare data 
encoding efforts and future development of (metabolism) 
decision-support systems.” 
Steve Bradbury 
OPP Deputy Director of Programs 

Health Canada – Pest Management Regulatory 
Agency (PMRA) 

Invitation:  
MetaPath seminar 
hands-on training session on it’s capabilities

MetaPath
Internationally Harmonized Platform



MetaPath
a metabolism pathways expert system 

DER Composer
a software template for efficient data entry to create:

- OPP metabolism studies Data Evaluation Records (DER) 
and 
- auto-population of MetaPath

Metabolism Simulator
use observed metabolite occurrence data from MetaPath

and knowledge of biotransformation reaction types
to simulate metabolism pathways 

Computational Tools 
for Metabolism Research and Risk Assessment



1) Repository of data:
rat in vivo metabolism (pathways and metadata)
residues in plants and livestock
environmental degradates in water, soil, air

2) Answers Risk Assessment questions:
OPP - Residues Of Concern Knowledgebased Sub-committee (ROCKS) 

Are any of the metabolites (direct formation), residues (in food), 
and/or degradates (in drinking water) formed of 
toxicological concern? 

3) Provides knowledge-base for predictions:
systematic data for building metabolism simulator –

Metabolism Computational Tools
MetaPath addresses OPP needs in 3 ways:



MetaPath - Data Repository 
[Guideline 870.7485; OECD 417]

•
 

Metabolic maps (pathways) from rats, plants, livestock, 
and environmental degradates

•
 

Chemical structures of parents and metabolites.

•
 

Associated (metadata) coded to:
–

 

Assign metabolites formed to treatment groups (gender; dose 
level; exposure route; exposure time)

–

 

species (e.g., rat vs. chicken vs. corn vs. wheat)
–

 

analytical methods used for metabolite id (e.g., first generation 
analytical techniques (TLC) vs. more sophisticated separation and 
detection (HPLC-MS detection) 

•
 

‘Residues’
 

definitions, lists metabolites included in the 
tolerance

•
 

Tabulates metabolite, residue amounts and other 
parameters of interest



MetaPath - OPP Risk Assessment Questions
• Have we seen this metabolite before? Where? How often? Under what 

test conditions?
– Structure searches for types of compounds: (e.g. all conazoles)

• Have we seen this toxicophore before? Where? How often?
– Substructure search 

• How many pesticides of X chemical class have we assessed? Are 
there common metabolites of concern? 

• What species, gender, dose differences do we see (e.g. metabolites 
found in rat but not chicken; peanut but not wheat; M but not F; low 
dose but not high dose, etc)? 

• Based on data from similar parent chemicals, was an expected 
metabolite not found (e.g., potentially due to different test conditions, or 
analytical method used for isolation, separation, identification, etc)? 

• What concerns have we noted in the past for similar chemicals? Are we 
using consistent rationale for decision making? Is there new evidence? 
(potentially can help retain institutional memory)



MetaPath - Knowledge-base for Predictions 
for Risk Assessment and Research

• Provides database of experimentally-determined 
metabolic pathways, all collected under the same 
guidelines, to be used for metabolism research and 
development of a metabolism simulator

• Are there metabolites of concern that might not have 
been measured – due to radiolabel used, analytical 
method, experimental condition, etc? 

• How likely is it that transient toxic intermediates were 
formed? What are they?



General METAPATH Display Overview.

List of available 
maps within a 
database – file 
folders, which 

upon expansion 
detail the “tree 

view” hierarchical 
list of metabolites 
affiliated with the 
parent chemical Tree-view 

display depicting  
the pathway:

parent chemical 
and its 

metabolites

Map view editing and 
export tools

Two-dimensional (2D) 
structure of the parent 

chemical or any 
metabolite highlighted 

in tree view. 

Connectivity scheme for parent and 
metabolites. 



“Highlight Study” feature and display options

Within a given map 
there may be 

multiple treatment 
groups (e.g.,  male 
vs. female, low vs. 
high dose) giving 
rise to different 

pathways. For each 
treatment group 
selected a unique 

path color is 
displayed, to link 

metabolites to 
specific treatments. 
For example, this 
metabolite only 

appeared in male 
rats at 2mg/kg)

This feature allows user to 
highlight

differences in Treatment 
Groups exposed to the 
pesticide under study

Highlight Treatment Group Feature



Similarity Searching: Setting up a Query (Q)
The database can be searched by building Queries (Q) 

by structure or sub-structure, species, dose administration, etc. 

Simple (one parameter; Q1) or complex 
(multiple parameter; Q1 to Qx) searches 
can be designed, for example, to find all 

chemicals in the database with the 
following: 

Species = rat; 
Administered Dose = oral gavage; 

Metabolite = 1,2,4-triazole 

Search clauses (Q1 - Qx) may be 
combined as "AND", "OR", or "NOT" 

and search results are displayed in a "pop- 
up" window (next slide).  

Searches can be  saved and reloaded for 
future use.



SEARCH RESULTS 
for Query built from 

Q1 + Q2 + Q3
(previous slide)

Within the entire  
database of 

maps, 3 
metabolites were 
found that satisfy 

the search 
criteria, i.e., 

a triazole 
metabolite found 
in rats dosed by 

oral gavage. 
Info is provided 
to trace back to 

the parent 
chemical and the 
entire metabolic 

pathway. 

RESULTS may be viewed 
with respect to metabolic 

‘Products’ or parent 
chemical ‘Source’.

A numbered list of SEARCH RESULTS 
(screen below) correspond to the viewed 

structure and tree listings on the original start 
up page of the program. The blue highlighted 
cursors will move as one scrolls through the 
SEARCH RESULTS numbers on the screen 

below. 

Similarity Searching: Display of SEARCH RESULTS



Map Comparisons – One selected map is compared to another, or to all others within a 
database. 

Example: All 3 metabolites found in chickens exposed to tebuconazole (right screen – green 
boxes) are found in rats (left screen- green boxes), however, many more metabolites are 

found in the rat that do not occur in chicken (left screen – no boxes). 



Bioassay information associated with the study for a given chemical/map may be 
displayed as RESULTS tables for user interpretation, or selected for export and 
printing.



DER Composer : 
System for Auto-population of  MetaPath

• Data is captured in DER Composer and 
saved as both:
– XML file for automatic population of METAPATH
– *.doc file for submission of draft DER to OPP

• Efficient standardized data entry 
– QA protocols and checklists

• Allows easy updating of MetaPath into the 
future



screen shots from ‘DER Composer’ software

‘General Info’ 
screen 

corresponding to 
first page of an  

OPP rat 
metabolism Data 

Evaluation 
Record (DER); 
currently used 

for entry of 
archived DERs, 

but could be 
used to build 

new DER.

Note the OPP 
and  OECD 

guideline 
numbers 



‘Materials and 
Methods’ tab, 

Part A: 
Materials.

Chemical 
structure can be 

drawn with 
internal 

structure 
drawing 

package, or 
from imported 
SMILES string.   



‘Materials and 
Methods’ tab, 
Part B: Study 

Design and 
methods.

This information 
is captured in 
table format 

similar to what 
is found in the 

DER.  

Text boxes are 
included for addition 

of explanatory 
information as 

typically found in 
DERs.

Analytical 
method details 

can be captured 
as text, or more 
systematically in 

a Table.  



Tables are built for 
Pharmacokinetic 
and Metabolite 

Characterization 
data.



Text boxes are 
included for addition 

of explanatory 
information as 

typically found in 
DERs.



Appendix Table 1:

Systematic capture of treatment group 
parameters for:

-Autopopulation of DER Table 1

-Specifying metabolite differences 

due to treatments, gender, matrix

Appendix Table 2:

Chemical structures of parents and 
metabolites entered as SMILES strings;

Connectivity between parent and each 
metabolite (i.e., the metabolism pathway).



Summay - USES OF METAPATH

• Allows a systematic compilation of experimental information on observed 
metabolites, biotransformation reaction types, and relative biotransformation 
rates into a structure-searchable database.

• Provides structure-based accessibility for identifying metabolites and 
transformations observed under specific testing environment.

• Identifies differences in metabolic maps traceable to gender, exposure 
dose, species, analytical extraction and detection methods used for 
metabolite id, etc. 

• Identifies similar metabolites (e.g., with common toxicophores) arising from 
different parent chemicals.

•Identifies metabolites appearing as residues in plants, livestock (food 
sources) and environmental degradates (drinking water sources) that 
contain a potentially toxic moiety, to evaluate residues of concern   

•Assists in the preparation of documents and reports.

• Provides databases of experimentally-determined metabolic pathways, all 
collected under the same guidelines, to be used for metabolism research 
and development of a metabolism simulator



Next Steps: MetaPath & DER Composer
• Current focus: 

– Locating and coding remaining rat in vivo metabolism pathways from 
OPP files for registered pesticides

– Fully implement use of DER composer in OPP by contractors 
producing draft metabolism DERs

– Working with ROCKS to optimize use of MetaPath in RA 
• Near Term:

– Build ‘DER Composers’ for additional study types: 
• Residues in plants, livestock (OPP/HED; ROCKS)

– OPP, ORD, EU_EFSA discussing collaboration especially on collection of 
plant and livestock residue data; 

• Environmental degradates (OPP/EFED; ROCKS) 
• Exploring further EFSA and Health Canada PMRA interests

• Longer Term:
– As knowledge-base continues to build, shift emphasis more to 

metabolism simulators (highly complex computational challenge)
– In-lab testing of hypotheses generated using these computational 

tools
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